Abstract. The knowledge of the crustal strain rate tensor provides a description of geodynamic processes such as fault strain accumulation, which is an important parameter for seismic hazard assessment, as well as anthropogenic deformation. In the past two decades, the number of observations and the accuracy of satellite based geodetic measurements like GPS greatly increased, providing measured values of displacements and velocities of points. Here we present a method to obtain the full continuous strain rate tensor from dense GPS networks. The tensorial analysis provides different aspects of deformation, such as the maximum shear strain rate, including its direction, and the dilatation strain rate. These parameters are suitable to characterize the mechanism of the current deformation. Using the velocity fields provided by SCEC and UNAVCO, we were able to localize major active faults in Southern California and to characterize them in terms of faulting mechanism. We also show that the large seismic events that occurred recently in the study region highly contaminate the measured velocity field that appears to be strongly affected by transient postseismic deformation. Finally, we applied this method to coseismic displacement data of two earthquakes in Iceland, showing that the strain fields derived by these data provide important information on the location and the focal mechanism of the ruptures.
Introduction
The 1994, M w =6.7 Northridge and the 1995, M w =6.8 Kobe earthquakes caused unprecedented damage of more than US $ 40 billion and US $ 100 billion, respectively. This was considerably more than could have been expected by earthquakes of comparable moment magnitude in California and
Correspondence to: M. Hackl (hackl@geophysik.uni-muenchen.de) Japan. These large damages were explained by the unexpectedly high magnitudes of these events for these particular areas (Smolka, 2007) . These two events demonstrated in a dramatic way the shortcomings of traditional seismic hazard assessment, mainly based on probabilistic models derived from catalogs of regional seismicity and supplemented by additional geologic information only for known active faults (e.g. McGuire, 1993; Muir-Wood, 1993 ). In the case of Northridge, the rupturing fault was previously unknown without any surface expression and, hence, termed blind thrust fault. In Kobe the fault was assumed to be related to low seismic hazard.
The basic explanation for seismic activity is derived from the elastic rebound theory (Reid, 1910) , suggesting that earthquakes are the result of a sudden release of elastic strain energy accumulated in a steadily deforming crust. Thus, seismic hazard assessment might be improved by detecting localized patterns of crustal deformation. Due to the development of satellite based positioning technologies, such as the Global Positioning System (GPS), it is nowadays possible to detect small displacements of the Earth's surface with subcentimeter precision. These observations provide insights into crustal motion and deformation processes at new scales in both spatial density and accuracy. However, precise repeated positioning measurements provide only displacement information of a finite number of points. In order to derive local and regional deformation patterns, an analysis method needs to be applied.
Here we present a fast and economic method to identify deformation and strain rate patterns in Southern California from dense geodetic networks by using a simple interpolation scheme that requires only geodetic velocities as input. This method is independent of the local geologic setting, thus it can easily be applied wherever geodetic measurements are available, even if the local geology is not fully known. By interpolating the velocity component fields using splines in tension (Wessel and Bercovici, 1998) , it is possible to detect major active faults as well as regions of high strain rate related to tectonic activity or human-induced deformation (i.e. oil and water pumping). We applied this method to data collected in Southern California, a tectonically active region between the North American and the Pacific plates. We also applied the method to data from regions experiencing postseismic and coseismic deformation, gaining information about transient behaviour and rupture mechanisms.
Although strain rate is a good indicator of the deformation accumulated in a region, it does not directly correlate with the amount of elastic energy released by seismic events. Thus, it can only be a supportive, independent observation for regional seismic hazard estimation; additional information and models are required to fully quantify the amount of elastic energy stored in the area. Still, the results of this method can be utilized as a starting point for further numerical models and/or geological investigations to estimate current fault activities.
Methods

Strain rate analyses
Previous works used geodetic observations to quantify the regional strain rate pattern and the accumulating strain on faults. Here we provide a brief overview of the various methods; a full analysis and comparison of those works is out of the scope of this paper. Probably the most common method is based on a discretization of the investigated area into triangles (e.g. Delauney triangulation) and computation of internal strain rate for each triangle (see e.g. Frank, 1966; Shen et al., 1996; Cai and Grafarend, 2007; Fernandes et al., 2007; Wdowinski et al., 2007) . This method is very similar to the computation of stress and strain rate for each element in a finite element model, another way used to calculate a continuous strain field from geodetic data (Jimenez-Munt et al., 2003) . In general, these methods do not have redundancy of data and hence can not detect and remove outliers. Furthermore they produce a continuous displacement field but the obtained strain rate is discontinuous.
Other methods use inversion techniques to map the strain rate field. For example, Spakman and Nyst (2002) based their inversion on the technique of seismic tomography. They assign strain rate to a previously discretized area by using different paths of relative displacement between pairs of observation points. Haines et al. (1998) , Kreemer et al. (2000) , and Beavan and Haines (2001) used point observations of displacement observed by geodetic networks and strain evaluated by geologic and geophysical information (e.g. earthquake focal mechanisms) to invert for the Eulerian pole that locally minimizes the strain rate and velocity field residuals along a regional curvilinear reference system. As any inversion scheme these methods are computationally expensive. Furthermore, tomographic methods need to impose the location of faults so they can only be used to quantify slip deficit on known structures, but not to identify new faults. In general, inversion based methods require assumptions on the constitutive law of the crust in order to relate the observed deformation to strain rate.
Interpolation of geodetic data can produce continuous strain rate fields suitable to identify new structures without having to assume anything about the deformation mechanisms. For this reason, different schemes have been suggested. Wdowinski et al. (2001) interpolated the velocity field along small circles relative to the pole of rotation that minimizes the residual (called pole of deformation). Allmendinger et al. (2007) used different approaches (nearest neighbor and distance weighted) to obtain continuous velocity fields from which a strain rate pattern can be calculated. Kahle et al. (2000) interpolated velocity fields in the Eastern Mediterranean by using a least-square collocation method based on a covariance function. Here we use a computationally cheap and fast spline interpolation of gridded data.
Interpolation
The principal aim of our method is to obtain a continuous strain rate field using only geodetic data. To do this, we performed a separate interpolation of the east and north velocity components on a regular grid using the splines in tension algorithm described by (Wessel and Bercovici, 1998) . The tension is controlled by a factor T , where T =0 leads to a minimum curvature (i.e. natural bicubic spline), while T =1 leads to a maximum curvature, allowing for maxima and minima only at observation points. As long as the grid size is not significantly smaller than the average site distribution, the results are not very sensitive to the choice of T . We set T =0.3, the value suggested by Wessel and Bercovici (1998) for topographic interpolation. In order to perform the interpolation, the region is divided into a regular grid with cell size comparable to the average distance of geodetic sites. For cells with only one value, the observed value was assigned to the cell. Where a grid cell contained more than one observation, the median of all the included data was computed. Since the grid size is based on the average density of GPS sites, regions of denser datasets often need to be averaged. In spite of the loss of information, this has the advantage that outliers are removed and do not bias the results.
The interpolation will give two continuous scalar fields corresponding to the north and east components of the velocity. A basic assumption in this process is that the two components of the interseismic velocities are independent. Indeed, the correlation between the two fields is very small (as can be observed by the orientation of the error ellipse), and the error introduced by this assumption is smaller than the one associated with the interpolation scheme itself.
Since we use a spline interpolation function for the two components of the velocity fields, it is possible to calculate the derivatives along the local north and east directions, producing four continuous fields that can be linearly combined in a continuous representation of the strain rate tensor.
Assuming small deformations, the components of the strain rate tensor are defined as:
where i, j substitute east and north. In a similar way, it is possible to compute the antisymmetric rotation rate tensor:
At this point, any tensorial analysis can be performed. The eigenspace analysis of the tensor is the starting point for the full description of deformation at every gridpoint, providing different aspects of the strain rate. The eigenvectors of the strain rate, for example, represent the direction of maximum and minimum strain rates, while their associated real eigenvalues λ 1 and λ 2 represent the magnitude (note that we follow the notation that positive values indicate extension and negative values stand for compression).
The maximum shear strain rate and its direction might provide a tool to identify active faults, since motion along faults is related to shear on that structure. Faults oriented in this direction are the ones most likely to rupture in a seismic event.
The maximum shear strain rate at every gridpoint can be obtained by a linear combination of the maximum and minimum eigenvalues:
while the direction of maximum shear is oriented 45 • from the direction of the eigenvector corresponding to the largest eigenvalue:
Note that Eq. (4) corresponds to two conjugate perpendicular directions that cannot be distinguished without further constraint. The trace of the tensor,
corresponds to the relative variation rate of surface area (dilatation) and thus can indicate regions of thrusting or normal faulting.
It is interesting to note that our method is not limited to the analysis of interseismic data. We also applied the method to coseismic displacement vectors to obtain the associated strain field, which is useful for identifying rupture zones or even deducing earthquake focal mechanisms (see Sect. 3.6) . When the velocity field studied is affected by postseismic deformation, the method can be used to evaluate time dependent changes of the strain rate. It is interesting that the use of interseismic velocities not corrected by transient behavior contaminates the strain rate field in a way that can be used to obtain information about the rupture mechanism (see Sect. 3.5) and on the structure and rheological properties of the crust.
Results
In order to test the method, we chose to apply it to a region with dense coverage of geodetic measurements and well known from a geologic, seismic, and geomorphologic point of view. For this reason, we chose to apply the method to observations in Southern California, because (1) it is one of the most extensively instrumented areas of the world, (2) it has high density of known active faulting, (3) it is well understood from a geological and geophysical point of view.
Geologic setting
Tectonics in Southern California are dominated by the right lateral transcurrent plate boundary between the North American (NA) and Pacific plates. The two plates have been grinding past each other for about 25-30 Myr, creating a broad deformation zone mainly composed of subparallel strike slip faults. This zone has been shifted several times before the current San Andreas Fault Zone developed about eight Myr ago (Atwater et al., 1988) .
The present day relative motion between NA and the Pacific Plate is at first order right lateral with a total velocity of about 49±3 mm/yr (e.g. Plattner et al., 2007) , oriented ∼N 37 • W. While in Central California ∼80% of the motion is taken up by the San Andreas Fault (SAF) (Prescott et al., 2001) , in Southern California it is partitioned on different faults, of which the SAF, the San Jacinto Fault (SJF), and the Elsinore Fault (ELS) are the most prominent ones. These three faults account for about 80% of the relative motion (Bennett et al., 1996) . This fault system consists of multiple segments, whose interaction is still not completely understood. The remaining 20% of the slip are accommodated offshore and along different fault systems further east, like the Eastern California Shear Zone (ECSZ) and the Basin and Range area (Fig. 1) . In the past two decades four earthquakes M w ≥6.5 occured in the region, their location and focal mechanism 1 are also shown in Fig. 1. 
Data
We used data provided mainly by two sources, the Southern California Earthquake Center (SCEC) (Shen et al., 2003) and the Scripps Orbit and Permanent Array Center (SOPAC) (Jamason et al., 2004) . The SCEC dataset is composed of observations made with different geodetic techniques between 1970 and October 2001 (a full description is given by Shen et al. (2003) ). The SOPAC dataset consists of continuous GPS measurements covering the time period from 1990 to 2008. It includes data provided by the Plate Boundary Observatory 2 (PBO). To better allow for constraints on areas along the border of our study region, we also included campaign observations from the Eastern California Shear Zone (ECSZ) and Northern Baja collected and processed by the University of Miami (UM) (Dixon et al., 2002; Plattner et al., 2007, and P. LaFemina, personal communication, 2008 ) (see Table 1 ). In order to merge the different datasets, the SOPAC and UM data were rotated into the SCEC North America fixed reference frame (RF), using the Eulerian pole that minimizes the residuals of the velocities at common sites (a list of common sites and residuals is given in the Supplementary Material, see http://www.nat-hazards-earth-syst-sci.net/9/1177/ 2009/nhess-9-1177-2009-supplement.zip).
The final dataset consisted of 1261 velocity vectors within the area of interest in Southern California and adjacent regions (see Fig. 2 ). Note that all the data centers provided the velocities corrected for discontinuities in the time series (i.e. coseismic, instrumentation changes, and transient effects), providing long term interseismic velocities. This means that the strain map obtained from the data should be a representation of the long term strain accumulation in the region. 
Strain rate tensor
Based on the distribution of the GPS observations, we tested different grid sizes to identify the best resolution. Too fine grid size results in a highly irregular strain rate map with high strain rate peaks at observation sites. It would be possible to increase the tension T for the interpolation, but we noticed that such an interpolation introduces numerous artifacts. Too coarse grid size results in a very low and highly delocalized strain rate. The ideal situation would be to have a grid with at least one observation per cell. After different tests we found that a regular grid with cell size of 0.04 • , is most suitable for the interpolation of the horizontal velocity field components for Southern California. Using GMT routines (Wessel and Smith, 1991), we calculated the strain rate tensor as described in Sect. 2.2. The script used to produce the results in this paper is attached in the electronic supplementary material (see http://www.nat-hazards-earth-syst-sci.net/ 9/1177/2009/nhess-9-1177-2009-supplement.zip). Figure 3 shows the three components of the strain rate tensor. In order to avoid overinterpreting artifacts due to the interpolation scheme, we masked out (white color) interpolated values located at distances greater than ∼0.5 • (15 grid cell) from nearest observation sites in all the figures. This method is not suitable to calculate absolute values of strain rates. Since this value is related to the gradient of the velocity field, the rate is limited by the grid size, the minimal distance along which it is possible to observe a velocity change. Smaller grid sizes could overcome this problem, but they are associated with increasing uncertainties. However, the method is suitable to determine relative strain and strain rate changes.
Horizontal maximum shear strain rate
The plate boundary in Southern California is mainly of transcurrent nature. Thus, the direction and magnitude of the maximum shear strain rate are good scalar fields to represent the strain rate tensor. These two parameters are suitable to characterize the amount of localization of the shear deformation and the direction along which strike slip faulting is more favorable. In Fig. 4 , the color scale indicates the magnitude of the maximum shear strain rate, while the crosses indicate the two conjugate maximum shear directions. At first glance, the image shows a very high similarity with the seismic hazards maps published by USGS 3 . This is essentially due to the fact that the "warm" color regions of Fig. 4 clearly reflect the location of the principal plate boundary between North America and the Pacific, following the major trace of the SAF. The maximum shear strain rate is highest in the south along the Imperial Fault and along the central section of the SAF (north of the Carrizo Segment). This can partially be a consequence of the fact that in these regions, the fault system is less complex, thus the deformation can better localize along the major segments of the fault. Probably, these high shear strain rates are related to the local aseismic creep of those segments of the SAF system. Creeping faults release part of the relative motion between the two sides by aseismic slip, implying that a large part of the deformation is accommodated on the fault plane in a really narrow region with very high shear strain rates. These do not necessarily correspond to high seismic hazard, since large parts of the deformation is not accumulated as elastic energy (Bürgmann et al., 2001; Malservisi et al., 2005) . Central Southern California is dominated by a more complex structure of slip partitioning, which is also reflected in broader zones of relatively high shear strain rates, extending from the ECSZ to the Transverse Ranges. At the transition between the Transverse Range region and the Imperial Valley, the map clearly shows that the maximum shear strain rate is partitioned between the SAF and SJF, with a minor contribution of the Elsinore Fault. The secondary plate boundary along the ECSZ/Walker Lane is also well visible. This plate boundary separates the Sierra Nevada Block from the Basin and Range and accounts for about 11 mm/yr of relative motion (Dixon et al., 2000) . The map shows relatively high shear strain rates in the Owens Valley region and at the south eastern part of the Mojave Region (probably due to recent large seismic events in the region). The Great Valley, which is characterized by low strain rates in the map, is essentially rigid and almost no deformation is observed.
Within the Great Valley some deformation is observed at latitude ∼35.5 • N. Although it might be related to artifacts due to the lack of data, it is interesting to note that this region is intensively used for oil extraction. Wdowinski et al. (2007) already suggested that anomalous signals there may reflect data contamination by oilfield operations near Bakersfield. The two regions of deformation are also clearly visible as large subsiding areas in regional InSAR studies (F. Amelung, personal communication, 2008) .
Apart from creeping fault regions, locations of past large seismic events appear on the map as particularly bright spots. This is notable for the location of the Landers (1992, M w =7.3), Hector Mine (1999, M w =7.1), and San Simeon (2003, M w =6.6) earthquakes. Apart from these recent events, also large older earthquake seems to be still visible in the dataset. In particular, we can note bright spot at the location of the 1872 (Intensity XI) Owens Valley and 1993 Eureka Valley (M w =6.1) events. Since the velocities have been corrected for coseismic displacement and for the short term post seismic deformation, it is likely that the observed high shear strain rates are related to visco-elastic relaxation. According to visco-elastic models (e.g. Savage and Lisowski, 1998) , the surface velocity at a locked fault is highest right after an earthquake and decreases with time at a rate controlled by the local rheology. This transient behavior does not only explain why regions of recent seismic events appear much brighter, but also the relatively low rates at the SAF Mojave, the Transverse Range, and the Elsinore Fault that have not presented large seismic events in the past century and are supposed to be late in their earthquake cycles.
In order to test the interpolation and to analyze transient behavior, we performed a separate analysis of the data from SCEC and from SOPAC. As can be seen in Table 1 , the two datasets include observations from different time spans (Fig. 5) . In particular, the inclusion of data released by PBO within the SOPAC dataset allows for studying a more recent velocity field. A visual inspection of the two figures shows that it is not possible to do a full comparison of the two strain rate fields. The interpolation method is particular sensitive to site density, as high strain rates are directly related to big velocity changes within a narrow region. This becomes apparent in places like the LA Basin, where the SCEC dataset is much denser than the SOPAC one. The method is also sensitive to the smoothing of the fields at the boundaries, as shown, for example, at the northern end of the SAF on the left and at the Imperial fault on the right. Thus, it is crucial to include observations for regions outside the one of interest (here: the inclusion of the data from UM or PBO data outside Southern California) in order to reduce possible artifacts caused by edge smoothing.
Nevertheless, we note a considerable change of the maximum shear strain rate between the maps in Fig. 5 in regions with comparable data distribution like the San Simeon area or the Landers/Hector Mine region. In the San Simenon region, the bright spot is present only in the SOPAC field. Since the 2003 earthquake happened after the release of the SCEC CMM v3 velocity field utilized here, the absence of the signal in the old strain rate field clearly indicates that the high shear is not associated with fault loading, but with postseismic relaxation (see also next paragraph and Fig. 6 ).
In a similar way, we can observe that despite a similar coverage of geodetic observations, the maximum shear strain rate in the Landers/Hector Mine area is situated closer to the location of the Landers event for the SCEC data, and closer to the Hector Mine event for the SOPAC data. We relate this location shift of the maximum shear strain rate to the time span of the data collection in the two datasets. The postseismic relaxation due to the 1992 Landers earthquake is clearly visible in the shear strain rate calculated using SCEC data only (see Fig. 5, A) , whereas the high strain rates are probably related to postseismic effects of the 1999 Hector Mine and the 2003 M w =6.5 San Simeon events which show up in Fig. 5 (B) . Unfortunately, a similar analysis was not possible for the Owens Valley and Eureka Valley events, since the signal is mainly derived from episodic GPS observations conducted by the UM group and does not have different observation periods. A full study of the time series of the single GPS observations and the variation of the velocities with time is necessary to further investigate time dependent changes in the strain rate fields. Still, the comparison of the two strain rate fields shows that the method is also suitable for studying transient strain rates.
To conclude, the direction of maximum shear strain rate, indicated by the crosses in Figs. 4 and 5, is mainly controlled by the direction of the SAF and is mainly parallel to the fault traces. While part of the SAF shows a partial rotation of the maximum shear strain rate direction along the Transverse Range, this is not the case in the LA basin, where the direction of the maximum shear strain rate does not appear to be oriented along the SAF. Probably this is due to the fact that this region is controlled by thrust faulting, and the current analysis of the strain rate does not allow for the full study of the three-dimensional tensor.
Dilatation rate
As a second example of the strain rate tensor analysis, we look at its trace. The sum of the diagonal elements of the tensor gives the rate of relative change of area (volume in 3-D) and provides the possibility to identify regions of compression or extension. Figure 6 shows an example of this analysis using only SOPAC data in the region of the San Simeon earthquake. As previously mentioned, the velocity field in this area is strongly influenced by postseismic viscoelastic relaxation and/or afterslip induced by the 2003 event. Indeed, the map of dilatation rate in the earthquake region reproduces the pattern of compression and extension of the published focal mechanism 1 . The highly localized dilatation pattern suggests that afterslip and not a broad-scale viscoelastic relaxation is the dominant postseismic mechanism. A dilatation rate pattern similar to the focal mechanism was also obtained for the Hector Mine earthquake. Using SCEC data only, we obtained a more complex dilatation rate pattern from postseismic deformation of the Landers event, which coincided quite well with Coulomb stress data modeled by King et al. (1994) . The obtained patterns show the strength of the introduced method in the analysis of the transient behavior of the strain rate and that the local velocity field is highly influenced by transient deformation probably induced by earthquake cycle effects.
At the northern end of the SAF in Fig. 6 , we see that the dilatation rate shows a complex pattern. It is possible that this pattern reflects an artifact of the analysis. But it is worthy to note that this region corresponds to the transition between creeping and locked parts of the SAF and that the regional deformation may be influenced by the local pattern of creep and transient deformation (Nadeau and Guilhem, 2009 ). Furthermore, this is also the location of the 2004 Parkfield M w =6.0 earthquake, which influences the local strain rate. A more detailed analysis of this pattern is beyond the scope of this work.
Coseismic strain
As a last example, we applied our method to a static displacement field instead of velocity data. The same interpolation method can be used to analyze a displacement field and results in strain instead of strain rate. It provides insights into the coseismic deformation, slip location, and rupture characteristics. We applied the method to the two M w =6.5 and M w =6.4 earthquakes on 17 and 21 June, 2000 in the South Iceland seismic zone, analyzing the displacement of 50 sites in South Western Iceland (Árnadóttir et al., 2001 ) (see Fig. 7 ). As expected by the strike slip nature of the two events, the rupture zones appear very clearly in a map of the maximum shear strain. The two bright spots in the map coincide with the location of the aftershocks recorded in the two weeks after the events 4 . Furthermore, the direction of the high shear zone is in good agreement with one of the planes of the focal mechanisms 1 . This suggests that the interpolation can clearly identify the region of the rupture. The dilatation analysis shows that the far field has a very good agreement with the observed focal mechanism. The region between the two faults is clearly influenced by both events presenting a more complex pattern than the one expected by the focal mechanisms. However, our geodesy based analysis can provide independent information for resolving the rupture plain ambiguity of the focal mechanism solution.
Conclusions
Given the importance of strain accumulation on the earthquake cycle, the study of regional strain rate is crucial for any seismic hazard assessment. Interpolation methods, as the one presented here, allow a derivation of the full tensor of strain rate from dense geodetic networks without the necessity to include any assumptions on the deformation mechanisms.
The analysis of the Southern California GPS data clearly shows that the method is capable to identify major regions of deformation. In particular, it indicates the importance of "secondary" plate boundaries like the Eastern California Shear Zone or the San Jacinto fault as regions of localized deformation. This suggests the importance of studying the full diffuse boundary between the NA and Pacific plates in the analysis of deformation patterns. An analysis of the maximum shear strain rate indicates that, apart from the LA basin, the direction of maximum shear is mainly controlled by the orientation of the SAF.
The strain rate map of Southern California also indicates a strong influence of transient effects. In particular, high strain rates are associated with regions of creeping, where the deformation is strongly localized close to the fault plane, and with regions affected by postseismic deformation. Our analysis of the SCEC and SOPAC data for Southern California clearly demonstrates that the postseismic deformation associated with past events is a strong component of the velocity field. An analysis of the evolution of the strain rate field is possible through the use of velocities derived from different periods. This analysis would provide important insight into the postseismic mechanism and rheological properties of the crust and the asthenosphere. The presence of localized strain rate associated with seismic events that did not happen recently, like the Owens Valley or Landers earthquakes, indicates that the viscoelastic relaxation (e.g. Savage and Lisowski, 1998 ) has a strong impact on the observed geodetic field. This transient behavior can create a major challenge in the seismic hazard assessment. Current low strain rates at active faults cannot directly be related to low seismic hazard. At the contrary, the associated low strain rates can be an indication that the fault is late in its earthquake cycle, thus the rupture probability might be particularly high. On the other hand, bright spots in a strain rate map associated with faults that recently experienced earthquakes could be related to a current low seismic hazard. Similarly, the high strain rates at creeping sections of a fault can be associated to lowseismic hazard. Thus, the strain rate map can contribute to seismic hazard assessment through the identification of regions of localized deformation, but numerical modeling of the full lithospheric behavior, the seismic history, and geological studies of the single faults are necessary in order to fully quantify the amount of elastic energy accumulated. Still, geodetically derived strain rate maps produce important geometric and regional constraints necessary for a correct modelling of the faults in the area. This analysis can also provide important information regarding the regions where more geological studies are necessary.
Finally, we would like to point out that the interpolation of geodetic data should not be limited to the study of velocity fields and associated strain rates, but can also be applied to other fields like coseismic displacement data. For example, the analysis of the coseismic strain derived from the observed displacements during the June 2000 earthquakes in Iceland indicates that the obtained strain tensor provides important insights into the location and direction of the events as well as information about the rupture.
